The results of the first-order shear deformation theory (FSDT) depend on the choice of the shear correction factor. In a companion paper, the authors presented a unified general formulation of all higher-order theories for geometrically nonlinear response of cross-ply plates, based on a single polynomial expansion of displacements in the thickness coordinate, z. It includes 10 models available in the literature as special cases. In the present paper, numerical results for the static, vibration, and buckling of the FSDT are compared with the elasticity solution and /or a higher-order theory solution, to investigate the effect of choice of the shear correction factor on the response of composite and simply supported rectangular plates.
INTRODUCTION
Laminated composites and sandwich plates are used extensively in the aeronautical, aerospace, and other fields. For their efficient design, a good understanding of their deformation characteristics, stress distribution, natural frequencies, and buckling loads under various load conditions is needed. Pagano', and Pagan0 and Hatfield 2 gave exact solutions for rectangular bidirectional composites and sandwich plates. Srinivas3, et al., Srinivas and Rao4, and Noor presented exact three-dimensional elasticity solutions for the free vibration of isotropic, orthotropic and anisotropic composite laminated plates. Noor gave elasticity solutions for buckling loads of multilayered composite plates. Pandya and Kant' and Kant and Mallikarjuna8 have presented solutions both for the laminated composites and sandwich plates.
Swaminathan9, and Kant and Swaminathan'O have recently compared five non-classical plate theories for deflection and stresses under transverse load, natural frequencies of free vibration, and buckling loads under inplane static load, for crossply composite and sandwich simply supported rectangular plates. One of their findings is that the first-order shear deformation theory (FSDT) yields poor results for thick sandwich plates using a shear correction factor of 516.
In the companion paper, Dube", et al. presented a unified general formulation of all higher-order shear deformation theories (HSDTs) for geometrically nonlinear response of cross-ply plates, based on a single polynomial expansion of displacements in the thickness coordinate, z. It includes 10 models studied by Swaminathan as the special cases. The objective of this study is to investigate the effect of choice of the shear correction factor on the response of composite and sandwich simply supported rectangular plates. The static, vibration, and buckling load results of the FSDT (models 5, 10, and 11, 12 of Swaminathan9) for two shear correction factors are compared with the available elasticity solutions~JJ~6 and / or with the HSDT (models 1, 6 of Swaminathan9).
DISPLACEMENT APPROXIMATION OF VARIOUS THEORIES
A laminated cross-ply composite or sandwich plate of sides a, b along axes X, y and thickness h with its mid-plane at z = 0 has been considered. Summation convention was used with the summation indices i ranging from 0 to p and j ranging from 0 to q. The displacements were expanded" as polynomials in the thickness coordinate z:
The number of terms p + 1 in the inplane displacement can be different from the number of terms q + 1 in the transverse displacement.
The 10 theories (model 1 to model 10) studied by Swaminathan are the particular cases of the unified formulation" as shown in Table 1 . The model 1 to model 5 are for symmetric laminates and the model 6 to model 10 are for the unsymmetric laminates. The models 5 and 10 are the FSDT models with shear correction factors ki = ki = S/6. The FSDT models with the more general values of ki, ki , based on the quadratic variation of shear stress across the thickness are called models 11 and 12 for the symmetric and unsymmetric laminates, respectively with Similarly ki is defined with Q,, replaced by Q44* 
NUMERICAL RESULTS

Material Set 4
Static Analysis
The following material property sets were used for obtaining the numerical results: Faces: E,= 131GPa, E,= E,= 10.34GPa, C,2= 6.895GPa, G,,= 6205GPa, G2,= 6.895GPa, v12= v,,= 0.22, v23= 0.49, p,= 1627 kg/m3.
Material Set
Core: E,= E,= E,= 6.9x10e3GPa, G12= G13= Static response of the following simply supported square laminates for material set 1 under transverse load is compared in Table 2: Two-layered antisymmetric (OV90") with each ply of thickness h/2 Three-layered symmetric (O"/900/Oo) with each ply of thickness h/3 Maximum value of zy occurs at z=fh/2 for E,/E,=3 and at z=lthl6 for all other E, /E, ratios.
Nine-layered symmetric (O"/900/Oo/900/ 8 ") with is also 5/6. Hence, the results of the FSDT using each 0" ply of thickness h/10 and each 90" ply the models 10 and 12 are identical. For symmetric of' thickness h/8.
laminates, the FSDT model 11 using general shear correction factor yields improved results except For antisymmetric composite plates, the value for 5, compared to the FSDT model 5 using of improved shear correction factor for model 12 k; =k; = 5/6. The results for 3-layered (O"/900/Oo) square plates of material set 2 for various modular ratios are compared in Table 3 .
A comparison of static results of simply supported three-layered symmetric (OVcore/O") square sandwich plate with thickness of each face sheet h,=hllO for material set 3. under sinusoidal static load is given in Table 4 . Except for ZX, model 11 yields improved results compared to model 5. The results for five-layered square sandwich plate (O'V9OV core/0"/90") with isotropic core of thickness (2/3)h using material set 5, under static sinusoidal load are also compared in Table 5 . The FSDT results of model 12 are identical to those of model 10 for all the variables except the deflection i+, for which the former yields slightly improved results. set 4. The fibre orientation of the layer of the bottom face sheet was (O"/900), with the fibres of the bottom layer making 0" with the x-coordinate. The thickness of each face sheet, hf is taken as 0. lh. For such a 21-layered [(0°/900),/core]s simply supported symmetric square sandwich plate, the static results under sinusoidal transverse load are compared in Table 4 . The model 11 yields improved results, especially for F compared to model 6.
A simply supported symmetric sandwich square plate composed of lo-layered cross-ply composite face sheets and a lightweight honeycomb core made of a titanium alloy is also considered for static analysis under sinusoidal load using material
Natural Frequency
The natural frequency o for (m, n)th spatial mode has been nondimensionalised as W = (@a* W,/m, with p/ as the density of the face sheet and Ef=E2 for the face sheet. The comparison of the fundamental natural frequency for cross-ply antisymmetric and symmetric laminates for material set 2 is presented in Tables 5 and 6 . As remarked for the static case, the FSDT models 10 and 12 yield identical results for antisymmetric laminates, since the general shear correction factor is also 5/6 for such laminates. For symmetric of natural frequency (m = n -1) of simply supported cross-ply laminated square plates with E,lE,~40, G laminates, model 11 yields marginally less accurate results than model 5.
The natural frequencies of a five-layered sandwich thin and thick square plates with antisymmetric and symmetric cross-ply faces using material set 5 with ratio of core thickness hc to thickness hf of each face sheet as 10, are compared in Table 7 . Both the FSDT models 5 and 11 yield highly inaccurate results for thick sandwich plates with a/h = 10, though model 11 yields slightly improved results. Even for a thin sandwich plate with a/h = 10, the FSDT results have an error of 7 per cent for fundamental frequency and 35 per cent for mode m = n = 3. For thin plates also, the model 11 with general shear correction factor reduces the error by only a small amount. The exact results for these sandwich plates are not available. Hence, these are compared in Table 8 with the highly accurate zig-zag theory presented by Kapuriai2. It is observed that the models 1, 5, 6, 10, 11, and 12 yield very inaccurate results. Therefore, a difference of 7 per cent for fundamental mode in these approximate theories is not unusual.
Buckling Load 4. CONCLUSIONS
Buckling results have been presented for uniform The effect of general shear correction factor inplane loading N, and the buckling load has been nondimensionalised as dependent on the lay-up, instead of a factor of 5/6, in a FSDT on the static response, natural frequency, where Ef=E2 for the face sheet. The comparison of buckling loads of cross-ply symmetrically laminated square plates of material set 2, is presented in Table 9 . The FSDT models 5 and 11 yield quite accurate results with model 11 yielding slightly better results in majority of the cases. The effect of a/h on the bucking loads of 3-layered and 4-layered square plates are given in Table 10 for material set 2 with E,/E2= 40. The buckling load results of a five-layered square symmetric sandwich plate, using material set 5 with hC/hf=lO, are also compared in Table 10 . Both FSDT models 5 and 11 yield highly inaccurate results even for moderately thick sandwich plates with a//2=20, though model 11 yields slightly improved results. Even for thin sandwich plate with a/h=lOO, the FSDT results have an error of 10 per cent for buckling load. The error in buckling results for thin sandwich plates may be, for the same reason as listed above, for the natural frequency. d-10, E,=E,, G,,-G and buckling load of simply supported rectangular plates has been investigated. The comparison of results reveals that for symmetrically laminated cross-ply composite plates, the present model 11 using general shear correction factor generally yields improved results over model 5 using the shear correction factor of 5/6. However, for sandwich plates with a soft core, there is not much significant improvement. Hence, the FSDT models cannot be improved by changing the shear correction factor. It has been concluded that a layerwise theory with only five independent variables as in the FSDT, which ensures continuity of transverse shear stress at the layer interfaces, should be employed for the analysis of sandwich plates.
